The polymerase chain reaction (PCR) and DNA sequence determination (4, 5) represent two of the most routine and reliable approaches to determine genic sequence variation. Several automated and manual sequencing kits are commercially available, and they provide adequate and satisfactory results. Compressions caused by formation of secondary structure, however, remain particularly problematic when performing manual sequencing using radiolabeled primers. Use of 7-deaza-dGTP instead of dGTP can improve sequence quality and reduce compression (8) , but mutations can also cause anomalous sequence patterns (9, 10) that could lead to false interpretation of data.
A polymorphism in the human uncoupling protein 3 ( UCP3 ) gene in African-Americans was recently identified in our laboratory (1) . This polymorphism was defined by a G→A transition at position 304 of the cDNA (c.304G/A). DNA sequence determination of the polymorphism-containing region with the reverse primer showed a complex electrophoretic pattern present only in heterozygotes. This aberrant sequence pattern was eliminated when heterozygotes were sequenced with the forward primer, suggesting that upstream sequencing and heterozygosity could cause electrophoretic artifacts. DNA amplification. Total genomic DNA (50-100 ng) was used to amplify the third coding exon of the UCP3 gene, with the following primers: [forward primer: UCP3e3f : 5 ′ -TG-ACCAGCATGGTTGTTCTA-3 ′ ; reverse primer: UCP3e3r : 5 ′ -CCTG-GTCTGCCTCTGAGTCT-3 ′ ]. Cycling conditions and purification of the 376-bp PCR product for sequencing were performed as previously described (1) .
DNA sequence determination. Purified PCR products were directly sequenced with the AmpliCycle ® Sequencing Kit as recommended by the manufacturer (PE Biosystems, Foster City, CA, USA), using an end-labeled (ATP, γ -33 P) primer ( UCP3e3for UCP3e3r ). Additional sequencing was performed with the Sequenase ® Sequencing Kit and the Thermo Sequenase ™Sequencing Kit (both from Amersham Pharmacia Biotech, Piscataway, NJ, USA) according to manufacturer's instructions. Sequence determination was performed manually in casted gels using the Gel-Mix 
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burg, MD, USA). Gel electrophoresis was carried out at a constant 60 W for 1 h and 45 min using a Model S2 Sequencing Apparatus (Life Technologies). Gels were transferred onto blotting paper, dried at 80°C for 30 min and autoradiographed by overnight exposure to BioMax ® MR X-ray films (Scientific Imaging Systems [Eastman Kodak], New Haven, CT, USA).
Initial sequence determination of PCR products from subjects with the heterozygous c.304G/A polymorphism was performed with the AmpliCycle Sequencing Kit. A complex nucleotide sequence pattern ( Figure 1A ) was observed 4 bases upstream of the c.304G/ A polymorphism when sequencing was performed with the reverse (upstream) UCP3e3rprimer. Sequencing was repeated, and the same pattern was observed in all heterozygotes, but not in wild-type (WT) nor mutant homozygotes ( Figure 1A ). The C/T panel (Figure 1A) describes the staggered, additional bases that appeared in c.304G/A heterozygous individuals. To confirm the result, sequencing was performed with the forward sequencing primer ( UCP3e3f ); however, this time the complex aberrant pattern did not appear in the heterozygotes ( Figure 1B) .
To investigate the possibility that this aberrant electrophoretic phenomenon could be a sequencing artifact generated by the reverse primer, a different sequencing kit (Sequenase) was used to repeat the sequence determination of the polymorphism-containing region. However, the same errant electrophoretic pattern was observed using the same reverse primer ( UCP3e3r ), (data not shown). Again, as with the AmpliCycle kit, the forward primer ( UCP3e3f ) did not produce the aberrant pattern. A third sequencing protocol (Thermo Sequenase) was then used to repeat the experiment. This time, use of the reverse primer resulted in the expected sequence ( Figure 1C ) only when substituting dITP for dGTP, while the forward UCP3e3f primer provided the normal sequence read in the polymorphismcontaining region (data not shown).
Sequence determination of exon 3 of the UCP3gene revealed an aberrant electrophoretic pattern in heterozygotes, 4 bases upstream of a common polymorphism at position 304 of the cDNA (c.304G/A). This pattern was initially misinterpreted as a complex mutation involving several nucleotides, but when the polymorphism-containing region was sequenced with the forward primer, the aberrant nucleotide pattern was eliminated. A sequence anomaly was recently reported as a result of compression due to secondary structure formation also involving an A→G transition (10) but in both homozygotes and heterozygotes.
The aberrant sequence pattern reported here was not present in G/G and A/A homozygous individuals, suggesting that it was a result of the heterozygosity (G/A) rather than a result of presence of the adenine. Compression due to secondary structure was apparent in the heterozygotes, but no formamide gels were attempted (3). Instead, an alternative sequencing protocol was instituted, substituting dITP for dGTP. This time, sequencing of c.304G/A heterozygotes with the reverse primer eliminated the complex aberrant pattern. The underlying principle for this effect is that dITP forms weaker base pairs with dC, which are easier to denature by urea-based gel electrophoresis. Recently, analogous electrophoretic aberrations were reported in heterozygotes involving a C →T transition in the glucose-transporter-2 gene (9). The aberrant pattern was attributed to different electrophoretic mobility of mutant and WT alleles (9) . The sequence anomaly presented here could also be the result of different electrophoretic mobility of mutant and WT alleles since they were amplified simultaneously by PCR in heterozygotes. Presence of heterozygosity did not appear to bias (2) or inhibit (7) PCR amplification and PCR products from both homozygotes, and heterozygotes were clear and consistent when examined on agarose gels.
Gel electrophoresis sequence anomalies can lead to inaccurate interpretation and description of point mutations.
Compressions and aberrant electrophoretic mobility in heterozygotes can provide confusing data because of direct sequencing of PCR products that contain both alleles. In this report, we present an aberrant sequence pattern that resulted from simultaneous amplification of the WT and mutant alleles and interaction between different strands during sequencing and gel electrophoresis. By adopting an alternative sequencing protocol and substituting dITP for dGTP, the sequence anomaly was eliminated.
n -Butanol Purification of Dye Terminator Sequencing Reactions
BioTechniques 26:606-610 (April 1999) The one tube convenience and inherent flexibility of dye terminator automated sequencing has made it the chemistry of choice for all but the largest sequencing projects (2) . Dye terminator chemistry requires the removal of the unincorporated dye-labeled dideoxynucleotides from the sequencing reaction products before electrophoresis. Two methods are currently used to remove excess dye terminators: ethanol precipitation and sizeexclusion chromatography (3). The expense of commercial size-exclusion spin columns has led many users to favor ethanol precipitation purification; however, this method suffers from two common pitfalls, particularly in the hands of the inexperienced: (i) the loss of sequencing products during the 70% ethanol wash, either the whole often invisible DNA pellet or, more typically, the small sequencing products of less than 60 bp and (ii) the precipitation of excess salt. It is particularly this problem that is of much concern, because a single sample containing excess salt distorts lane tracking over the whole sequencing gel.
Typically, butanol is used to desalt oligonucleotides (4), and a n -butanol precipitation step has been used to remove salt from ligation reactions before electroporation (5) . We reasoned that a n -butanol precipitation could be used to purify dye terminator sequencing reactions. Substitution of n -butanol for ethanol would avoid the possibility of excess salt precipitation and efficiently precipitate the small sequencing products.
We sought to compare n -butanol precipitation against ethanol precipitation for the purification of dye terminator sequencing reactions. Three identical half-scale sequencing reactions [containing 500 ng of the template DNA, a 10-kb partial clone of the microcystin synthetase gene from Microcystis aeruginosaPCC 7806 (Reference 1 and unpublished data); 10 pmol of the gene-specific primer, ACAT -CAGTTATTAGTAGAGT; 4 µ L of BigDye ™ Terminator Mix (PE Biosystems, Foster City, CA, USA); and water to a final vol of 10 µ L] were subjected to an initial denaturation step of 95°C for 2 min, followed by 25 cycles of 95°C for 5 s, 50°C for 30 s, 60°C for 4 min in a GeneAmp ® PCR System 2400 (PE Biosystems). The three sequencing reactions were pooled and combined with 270 µ L of water, and 100-µ L aliquots were transferred to three 1.5-mL tubes. One of the following three sequencing purification protocols was performed on each tube.
Standard ethanol precipitation with phenol/chloroform extraction. A 100-µ L vol of phenol-chloroformisoamyl alcohol (50:49:1) was added, and the tube was vortex mixed for 5 s. After centrifugation at 14 000 × gfor 4 min, the aqueous phase was carefully transferred to a fresh 1.5-mL tube containing 10 µ L of 3 M sodium acetate (pH 4.6) and 250 µ L of 95% ethanol. The tube was inverted several times, and the sequencing products were precipitated on ice for 10 min. The precipitated products were collected by centrifugation at 14 000 × g for 30 min. The supernatant was carefully removed, and the pellet was washed once with 250 µ L of 70% ethanol by briefly vortex mixing the tube followed by centrifugation for a further 5 min at 14 000 ×g . The 70% ethanol was aspirated, and the pellet was vacuum-dried for 10-15 min before gel electrophoresis and analysis on a Model 377 DNA Analysis System (PE Biosystems) ( Figures 1B and 2B ).
Butanol precipitation with phenol/chloroform extraction.The sequencing reaction was phenol/chloroform-extracted as above, and the aqueous phase was removed to a fresh 1.5-mL tube containing 900 µ L of nbutanol. The tube was vortex mixed until the aqueous phase was completely emulsified (ca. 10 s) and then centrifuged at 14 000 × gfor 8 min. The supernatant was removed, and the pellet was vacuum-dried for 10-15 min before gel electrophoresis and analysis ( Figures 1A and 2A) .
Butanol precipitation without phenol/chloroform extraction. A 900-µ L vol of n -butanol was added, and the tube was vortex mixed until the aqueous
